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Abstract 
 Soil apparent electrical conductivity (ECa) has been shown to be a useful predictor in 
agricultural applications to determine variances in soil physical and chemical properties.  In this 
study soil ECa data were collected from an 11.8 acre clearcut plot at the Heiberg Forest near 
Tully, New York on June 6th 2012.  A geostatistical model was created to develop an ECa 
prediction surface, which was used to develop a soil drainage class prediction map of the site.  
The drainage class map was produced by calibrating the ECa model values to correspond to the 
drainage classes observed at test pits dug on the site.  Final output of the soil drainage class 
prediction model produced a 2-m spatial resolution accuracy of 86%.  Soil ECa data coupled 
with directed site sampling can provide high spatial resolution drainage class maps for use in 
forestry applications. 
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INTRODUCTION 
 The use of electromagnetic induction to determine dissimilarities in soil conditions has 
been widely applied in precision agriculture to develop management practices to optimize crop 
yields.  Apparent soil electrical conductivity (ECa) is a function of soil moisture, clay content, soil 
temperature, and salinity.  Brevik and Fenton (2002) determined that the largest influence on 
ECa in a glacial till loam catena is the soil water content.  Liu et al. (2008) evaluated several 
remote sensing techniques to map field soil drainage, and found that soil conductance was 
strongly correlated to soil drainage classes in an agricultural field.  The use of remotely sensed 
data coupled with computer modeling may be a more cost and time effective manner to 
delineate soil properties at a finer scale than traditional soil sampling techniques such as the 
grid method, which relies on a high number of samples as well as laboratory analysis (Brevik et 
al., 2006).  The remote sensing method can be applied to forestry through the use of ECa 
measurements in a forest plot to develop a high spatial resolution soil map of the drainage 
classes on the site.   
The purpose of the current study is to incorporate geostatistical analysis of ECa data for 
development of a soil drainage class map with 2 meter spatial resolution for a clearcut site at 
Heiberg Forest. 
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SITE 
 Heiberg Forest is located 2.4 miles SE of Tully, New York. The study was conducted on an 
11.8 acre plot positioned on an easterly facing hill 
side (Figure 1).  The area is mapped as a glacial 
till silt loam catena with Lordstown, Volusia and 
Alden series (Soil Survey Staff, 2012).  Slope at 
the site ranges from near zero to 16%.  The stand 
was clearcut in 2010 following insect infestation 
and subsequent degradation of wood quality.  
The current vegetation consists of blackberry 
bushes, ferns and herbaceous ground cover, 
along with evergreen species planted along west 
to east transects on the site.  The evergreen 
species plantings consist of 30m by 30m plots containing only one of Norway spruce (Picea 
abies), red pine (Pinus resinosa) or European larch (Larix decidua).  The demonstration plots 
were planned and the planting conducted under the guidance of Dr. Ralph Nyland to serve as a 
learning tool for silviculture and forest ecology courses (R. Nyland, personal communication, 
2014). 
 
 
 
Figure 1: Heiberg Study Area 
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MATERIALS AND METHODS 
 
 ECa data were collected on June 6th, 2012 in conjunction with the NRCS using a Profiler 
EMP-400 meter with a Trimble Recon PDA WASS GPS by Geophysical Survey Systems, Inc.  Data 
were collected in a grid pattern roughly spaced at 30 meter intervals north to south and 
45meters east to west (Figure 2).  Data collection failed on the southern-most (first) east to 
west transect (not displayed) and part of the second east to west transect due loss of satellite 
signal (O. Vargas, personal communication, 2012).   
 The ECa data were pre-processed by the NRCS and the Arcgis point shapefile of the 
sample points was obtained (O. Vargas, personal communication, 2012). The point data were 
imported into Arcmap 10.1 and the geostatistical toolkit was used to perform ordinary kriging 
on the data.  The data set consisted of 4785 
georeferenced ECa measurements. The output 
geostatistical soil conductance model was then 
broken into five classes representing the 
expected drainage classes at the site (very 
poorly drained, poorly drained, somewhat 
poorly drained, moderately well drained and 
well drained). A raster output of the initial 
model was created. The initial calibration was 
conducted using LIDAR data of the site as a 
digital elevation model (DEM) and the raster 
model using Arcscene (ESRI, 2012). The DEM was used as the elevation base layer and the 
Figure 2:  Data Transects 
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raster file of the ECa model was draped over the top of the DEM.  The variation in topography 
provided an initial view of the toposequence (due to the 10 meter resolution of the source 
LIDAR), which was used along with the ECA model to generate a prediction of the soil drainage 
classes.   
 Six soil test pits were excavated on October 8th and another six were excavated on 
November 9th of 2012 to calibrate output from the geostatistical model. Depth to 
redoxymorphic features was used as an indicator of the seasonal water table to determine the 
drainage class at each test pit (Schoeneberger et al., 2012).  Test pits were georeferenced using 
a Garmin Legend HCx handheld GPS unit.  The point locations were imported into Arcmap 10.1 
(ESRI, 2012) and the model was calibrated using the observed drainage classes.  The model 
calibration consisted of setting the class breaks in Arcmap for the geostatistical prediction 
surface to “manual” and then adjusting the class break ECa values until the output prediction 
surface provided the best fit for the observations with each class in the model representing an 
observed soil drainage class in the field. 
 Refinement and recalibration of the model was performed from August 5 -7, 2013 using 
data obtained from eighteen additional soil sample pits.    
RESULTS 
 The initial drainage class model predicted the drainage class at 10 out 12 sites correctly 
(83%) and was useful for demonstrating the validity of the geostatistical techniques used as 
well as selecting sample locations for further testing (Figure 3).  The locations for additional soil 
pits were determined by selecting points that the model predicted were on or near the borders 
of different drainage class areas.  Final calibration of the model with 30 sample points yielded 
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an 87% accuracy rate in predicting the drainage class at the Heiberg clearcut at a 2 meter 
spatial resolution.  The model incorrectly predicted one well drained site as somewhat poorly 
drained, two somewhat poorly drained sites as well drained, and one very poorly drained site 
as poorly drained.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Drainage Class Prediction Map 
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DISCUSSION 
 The collection of the field data for this project required 45 man-hours of work on the 
site.  This consisted of GPS data collection of the stakes and roadway, setting up and moving 
surveying transects to conduct ECa data collection.  The geostatistical model of the soil 
drainage class required 60 hours of data, preparation, processing and analysis.  This was done 
as an iterative process, which required three separate trips to the Heiberg Forest totaling 32 
hours, including travel time.  The time required was somewhat increased by the difficulty in 
traversing the terrain at the site due to the development of brush which covered holes and 
slash left from the harvesting operation.   Each of the 30 test pits were excavated by hand.  This 
project required a total of 129 hours of work to develop and refine the geostatistical model 
from start to finish of the project.   
 A total of 4785 ECa data points were recorded during the data collection session over 
the course of 8 hours.  Each hand-dug calibration soil pit took on average an hour to complete.  
The collection of soil ECa data points is comparatively much more time efficient versus 
collecting an equivalent number of data points by excavation.  An additional advantage of using 
remotely sensed soil ECa equipment is the non-destructive nature of the collection.  Although 
calibration pits were necessary to calibrate the model, the 30 pits used to create the spatial 
resolution and accuracy are far less than what an equivalent model would require using 
excavation only.    
 The order 1 soil drainage class map generated by the model is useful in distinguishing 
details on the landscape that are not possible in an order 2 NRCS SSURGO v2.2 map.  The 
refinement of detail in terms of drainage class can be used as an effective tool to inform site 
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specific management on the site.  The accuracy rate of 87% indicates a reliable soil drainage 
class assessment at the 2 meter resolution.  The loss of data on the south transect may have 
limited the predictive ability of the model due to a reduction in the number of soil conductance 
sample points in that area of the map to interpolate.  Also, the collection of order 1 elevation 
data on the site would allow for better terrain modeling with an enhanced ability to detect 
landform curvature at a finer scale than the 10 meter LIDAR used.  This type of data was used 
by Kravchenko et al. (2002) to develop a multivariate model that not only included soil 
apparent electrical conductivity but also the differences in landform shape using derivations of 
the DEM in the form of slope, curvature, and flow accumulation.  Incorporation of slope, 
curvature and flow accumulation during model development facilitated development of the 
variable ‘distance from a drainage path’; this variable increased the model (ECa alone) accuracy 
to over 90%. While the model in this study did not include the order 1 elevation data to create a 
similar output, it did have enough soil conductance sample points distributed across the site to 
provide suitable accuracy.  This was accomplished using ECa as a single variable on which to 
base the drainage class prediction.  The addition of order 1 elevation data for the site could 
improve the model accuracy by allowing terrain shape to be taken into account.  The 
consideration of other factors (e.g., dissolved salts, clay content, temperature and conductive 
materials) that affect soil conductance aside from soil moisture cannot be ignored from having 
an impact on the prediction accuracy of the map (Corwin and Lesch, 2005).  Another 
consideration of the model includes variations in micro-topography, which may cause localized 
areas of higher or lower depth to seasonal water table due to a convex or concave shape that 
the two meter spatial resolution may not capture.    
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CONCLUSION 
 Geostatistical modeling of soil properties has been used effectively for agricultural sites.   
These techniques can be applied in forestry applications to model drainage class, exploitable 
root volume by predicting the depth to a root restrictive layer, clay content, compaction and 
erosion.  As with any geostatistical model the accuracy and spatial resolution of the output is 
dependent on input data accuracy, spatial resolution, and the number of calibration sample 
points.  This study demonstrates the technique of coupling apparent soil conductance 
measurements with field observations to develop a spatially accurate soil drainage class map at 
the 2 meter spatial resolution.  This approach in future use may provide forest managers, both 
commercial and non-commercial, the ability to quantify differences in soil drainage class 
relatively quickly to assist in evaluating land use management decisions.  
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